INTRODUCTION
To maximize lifetime productivity, early puberty of heifers is necessary in those animals that are bred to calve as 2-yr-old compared with 3-yr-old calving (Núñez-Dominguez et al., 1991; Patterson et al., 1992) . Sociosexual signals stimulate reproductive activity in a wide variety of species (Signoret, 1991) , and specifically, biostimulation (stimulation of females' cyclic activity with males) advances the onset of puberty in beef heifers (Roberson et al., 1991; Rekwot et al., 2000; Oliveira et al., 2009; Fiol et al., 2010) . The Positive effects of biostimulation on luteinizing hormone concentration and follicular development in anestrous beef heifers 1 C. Fiol* 2 and R. Ungerfeld † *Departamento de Bovinos and †Departamento de Fisiología, Facultad de Veterinaria, Universidad de la República, Montevideo 11600, Uruguay ABSTRACT: The objectives of this study were to characterize the LH secretion pattern and the follicular development of anestrous beef heifers during early exposure (first 30 d of exposure) to androgenized steers (AS) and to determine if exposure to AS for 80 d (includes the first 30 d and 50 d more) advances the onset of ovarian cyclic activity. Twenty-nine anestrous Hereford heifers (20.2 ± 4.1 mo old and 257.5 ± 32.5 kg of BW) were allocated to 2 homogeneous groups according to their age and BW: 1) heifers exposed to AS (group EH; n = 15) for 80 d and 2) control heifers, isolated from AS and any other male during all the course of the study (group CH; n = 14). On d 0, 3 AS were joined with the EH group, which were removed and replaced with other 3 AS on Day 14. On d -10, 1, 10, 20, and 30, 8 heifers per group were housed in individual stalls and blood samples for LH were collected at 15-min intervals for 6 h. From d -10 to 30, the maximum follicle diameter (MFD) and the presence of a corpus luteum (CL) was daily recorded by ultrasound scanning and estrous behavior was detected twice daily. The emergence of follicular waves (FW), defined as the day when the dominant follicle of a wave was first observed (3-4 mm diam.), was retrospectively determined. Afterward, ultrasound scannings were performed weekly from d 32 to 60 and on d 70 and 80 to determine the presence of CL. After 10 d of male exposure, LH concentrations, either mean (1.67 vs. 0.88 ng/ mL [SEM 0.09]) or basal (1.53 vs. 0.74 ng/mL [SEM 0.09]), were greater (P < 0.05) in the EH group than in the CH group. There was a treatment effect in MFD, as it was greater in EH than in CH (P = 0.05; 8.00 ± 0.16 vs. 7.52 ± 0.17 mm, respectively), but none of those follicles ovulated during the 40-d period. The MFD of the second FW was greater in EH than in CH, in coincidence with the transient increase on LH concentrations, which probably induced the greater follicular growth. Cumulative proportions of heifers that started to cycle were greater (P = 0.01) in EH than in CH on d 60 (33.3 vs. 0%), 70 (47 vs. 0%; P < 0.005), and 80 (53 vs. 0%; P < 0.001) of the exposure period. In conclusion, exposure of anestrous beef heifers to AS resulted in a transient increase on LH secretion after 10 d of male exposure and increased follicular diameter attained during the second FW. In addition, ovarian cyclic activity was advanced in exposed heifers. physiological mechanisms determining the female response to biostimulation are well documented in small ruminants, but information in cattle is scarce, with most studies performed in postpartum cows. Ewes and goats respond to the introduction of males with a rapid increase in LH secretion (Martin et al., 1983; Ungerfeld, 2003) that stimulates follicular growth (Atkinson and Williamson, 1985; Delgadillo et al., 2009) followed by ovulation 2 to 3 d later. Similarly, biostimulation induces increases in LH secretion in postpartum cows (Baruah and Kanchev, 1993; Fernandez et al., 1996; Roelofs et al., 2007; Tauck et al., 2010b) , although some studies could not confirm this effect (Custer et al., 1990) . In addition, the LH variables were differently affected in those studies. Positive effects have also been recorded in ovarian follicular diameter in biostimulated prepubertal heifers (Bastidas et al., 1997) and postpartum cows (Berardinelli et al., 2009 ), but there are too few studies to draw conclusions. We hypothesized that noncyclic heifers will respond to androgenized steers (AS) with an increase in their LH concentration and follicular diameter, thus advancing ovarian cyclic activity. Therefore, our objectives were to 1) characterize the LH concentration pattern and the follicular diameter of anestrous heifers during the first 30 d of exposure to AS and 2) determine if exposure to AS for 80 d advances the onset of ovarian cyclic activity.
MATERIALS AND METHODS

Animals, Housing, and Treatments
Animal care, handlings, and protocols were approved by the Comisión Honoraria de Experimentación Animal (Facultad de Veterinaria, Montevideo, Uruguay). The study was performed in the Campo Experimental number 1 of the Facultad de Veterinaria (34° S, 55° W) during August to November, with 29 anestrous Hereford heifers (mean age of 20.2 mo [SD 4 .1] and mean BW of 257.5 kg [SD 32.5] ) and 6 AS. Anestrous was confirmed in all the heifers by 2 consecutive ovarian scannings 14 and 7 d before the onset of the experiment. Heifers were allocated to 2 homogeneous groups according to their age and BW: 1) heifers exposed to AS (group EH; n = 15) and 2) control heifers, isolated from AS and any other male during all the course of the study (group CH; n = 14). All animals grazed native pastures in 2 paddocks (46.5-and 33.1-ha paddocks for groups EH and CH, respectively) separated more than 1,000 m from each other, so that the CH group could not see, hear, or smell the males. All the animals had free access to millet hay supplementation daily.
On d 0 at 1600 h, 3 adult Hereford AS (4 yr old and 390.0 ± 20.0 kg BW) were joined with the EH group. Steers received weekly doses of testosterone propionate (600 mg intramuscular, Testosterone Ultra Fuerte; Dispert, Montevideo, Uruguay) from d -7 to 14, when they were removed and replaced with other 3 steers, which were treated weekly from Day 7 until the end of the exposure period (d 80). During the course of the exposure period, all AS displayed male sexual behavior (e.g., courtship behavior, flehmen).
Luteinizing Hormone Profile and Assay
Since 1 mo before the beginning of the experiment, 8 heifers per group were accustomed to individual stalls that were located in their respective paddocks and to the frequent blood-sampling procedure. The stalls had shade for the 8 heifers. During the habituation period, animals were moved to the proximity of the stalls (3 to 4 times per week) and were gradually introduced into them to minimize the stress during sampling. On d -10, 1, 10, 20, and 30 of the experiment, the 8 heifers/group were moved into the individual stalls for blood sampling. One hour before each blood-sampling period began, the animals were fitted with jugular vein catheters (14-gauge I.V. Straight Hub Radiopaque Catheter; Jelco, Smiths Medical, Latina Scalo, Italy), and 10 mL of blood were collected on dry tubes from each female every 15 min for 6 h (0800 to 1400 h). On d 1, the blood sampling procedure began 16 h after AS were joined with the EH. During the 6 h of the intensive blood-sampling period, the AS were maintained in the pen adjacent to the EH group. Blood samples were maintained at room temperature for 20 min and centrifuged at 3,000 × g for 15 min at room temperature, and serum was stored at -20°C until assayed for LH concentration.
Luteinizing hormone concentrations were determined in duplicate aliquots of 200 μL with a doubleantibody RIA using anti-bovine LH (Bolt and Rollins, 1983; Bolt et al., 1990) , in the Universidade Estadual Paulista (Araçatuba, SP, Brazil). All samples were analyzed in 1 assay; the intra-assay CV were 4.23 and 8.55% for the low and high controls, respectively; and the minimum detection limit was 0.06 ng/mL.
Follicular Growth and Cyclic Activity
All heifers were weighed at the beginning (d -10) and at the end of the experiment (d 80). Estrous behavior was recorded twice daily (0700 and 1830 h) during 40 min by 2 experienced observers from d -10 to 30. Estrous behavior was considered when the animal was kept immobile while mounted (by a herd mate or AS in the EH group). During the same period (d -10 to 30), ovaries of each heifer were scanned daily to determine the number of follicles greater than 3 mm, the diameter (length × width/2) of the greatest follicle (maximum follicle diameter [MFD] ), and the presence of a corpus luteum (CL) using an Aloka 500 (Aloka Medical Ltda, Tokyo, Japan) ultrasound scanner with a 5.0 MHz linear transducer. From then on, ovaries were scanned weekly from d 32 to 60 and on d 70 and 80 to determine the presence of CL. Ovarian scannings were performed in facilities located in the same paddock where each group of animals was allocated. In addition, to avoid the possible influences of odors remaining from AS in the researchers' clothes, ovarian scanning was always performed first in CH and then in EH. The onset of cyclic activity was considered as the day in which standing estrus was recorded followed by visualization of a CL or as the first date of 2 successive scans (separated by 7 or 10 d) in which a CL was observed in the same ovary.
Data Analysis
To characterize the LH pattern of each heifer, 4 variables were defined: mean LH concentration, baseline LH concentration, and frequency (pulses/6 h) and amplitude of LH pulses. The baseline was defined as the average of the 5 nadirs. The existence of an LH pulse was considered when the maximum concentration was (modified from Roelofs et al., 2007) 1) above the basal concentration + 2 SD, 2) over 0.2 ng/mL above the previous nadir, 3) above the previous sample, and 4) above the 2 subsequent samples involving at least 2 points. Amplitude was calculated by the difference between the pulse (at the highest concentration) and the basal concentrations. For statistical analysis, the mean value for LH pulse amplitude and frequency was first calculated for each heifer on each day.
To characterize the follicular development, the emergence of a follicular wave (FW), defined as the day when the dominant follicle of a wave was first recorded (3-4 mm in diameter), was retrospectively determined. Thereafter, the following variables were determined in each FW: MFD, days to reach the MFD, days to regression of the FW, and follicle growth rate (FGR). The time to reach the MFD was defined as the number of days between its emergence and the first day in which the increase in diameter stopped. The time to the regression of the FW was determined as number of days until the follicle disappeared after its progressive decrease in diameter (modified from Evans et al., 1994) . The FGR (mm/d) was defined as the mean daily increase in follicular diameter between FW emergence and the day in which the follicle reached its maximum diameter. For statistical analysis, only data collected from waves entirely detected (growing, static, and regression phases) were used. The number of heifers that presented 3 FW was low (7/15 and 5/14 for EH and CH, respectively); therefore, only the first 2 FW were used for comparison between groups. In relation to d 0, emergence of FW 1 was observed on d 2 (range = d -3 to 7) and emergence of FW 2 was observed on d 10 (range = 6 to 17 d).
Luteinizing hormone parameters and follicular variables of each FW were compared with PROC MIXED of SAS (SAS 9.0v; SAS Inst. Inc., Cary, NC). For LH parameters, we included the group (EH vs. CH), the day, and the interaction between group and day as main effects in the model, whereas the model for follicular parameters included as main effects the group (EH vs. CH), the number of FW (FW 1 or FW 2), and the interaction between group and FW. In both analysis, the heifer into each group was included as random effect and firstorder autoregressive structure was used for repeated measurements within heifers. Tukey-Kramer tests were conducted to analyze differences between heifer groups and days and between heifer groups and FW. The number of FW for each group was analyzed with the GLM procedure of SAS. The accumulated frequency of cyclic heifers in each date was compared using a χ 2 test, and BW between groups was compared by an unpaired t test. Significant differences were considered when P ≤ 0.05 and tendencies were considered as 0.05 < P ≤ 0.1. The results are presented as mean ± SEM. There was a day (P < 0.0001) and a group × day (P < 0.0001) effect in both parameters. Mean and basal LH concentrations increased during the intensive sampling period: values were greater (P < 0.05) on d 20 (1.83 ± 0.07 ng/mL) and 30 (1.65 ± 0.07 ng/mL) than on d -10 (1.23 ± 0.07 ng/mL), 1 (1.14 ± 0.07 ng/mL), and 10 (1.28 ± 0.07 ng/mL). On d 10, mean and basal LH concentrations were greater (P < 0.001) in the EH group than in the CH group; however, on d 30 of the exposure period, LH concentrations were greater (P < 0.05) in the CH group than in the EH group (Fig. 1) .
RESULTS
Luteinizing Hormone Secretion Pattern
No group or group × day (P > 0.05) effects were observed in LH pulse amplitude (0.32 ng/mL [SEM 0.04] vs. 0.36 ng/mL [SEM 0.04] for EH vs. CH, respectively) and frequency (2.8 pulses/6 h [SEM 0.2] vs. 3.2 pulses/6 h [SEM 0.2] for EH vs. CH, respectively). There was a day effect on LH pulse amplitude: on d 20, LH pulse amplitude was greater compared with d -10, 1, and 10 (P < 0.001), whereas on d 30, it was greater (P ≤ 0.05) than on d -10, 1, and 10. The LH pulse frequency tended (P = 0.07) to change over time: it was greater (P ≤ 0.05) on d 10 compared with d 1, 20, and 30 and tended (P = 0.09) to be greater than d -10.
Initial and final BW did not differ (P > 0.05) between the EH group (257.4 ± 8.4 and 274.7 ± 9.4 kg, respectively) and the CH group (257.6 ± 9.0 and 269.6 ± 9.2 kg, respectively).
Follicular Development and Onset of Ovarian Cyclic Activity
No differences (P > 0.05) were found on the number of FW between groups (2.46 [SEM 0.13] for EH vs. 2.35 [SEM 0.13] for CH). Biostimulated heifers (EH) reached a greater MFD (8.00 ± 0.16 mm) than CH (7.52 ± 0.17 mm; P = 0.05). In addition, MFD increased (P < 0.001) from FW 1 to FW 2 and presented a group × FW interaction (P = 0.03), explained by a greater MFD value in FW 2 in EH than in CH (P = 0.03), without differences in FW 1 (Table 1) .
The time from follicular emergence to MFD tended to be greater (P = 0.1) in EH (8.8 ± 0.3 d) than in CH (8.0 ± 0.3 d). There was a treatment × FW interaction (P < 0.05): EH needed more days to MFD in FW 2 compared with CH, without differences in FW 1 (Table 1) . This variable was unaffected by FW number (P > 0.05). Time until regression of the FW tended (P = 0.1) to be greater in EH (11.8 ± 0.4 d) than in CH (10.8 ± 0.4 d) and was greater in FW 2 than in FW 1 (11.8 ± 0.4 vs. 10.7 ± 0.4 d; P = 0.03), with no group × FW interaction (P > 0.05; Table 1 ).
The FGR was greater (P < 0.05) on FW 2 (1.02 ± 0.06 mm/d) compared with FW 1 (0.89 ± 0.03 mm/d), with no group effects or group × FW interactions (P > 0.05; Table 1 ). Cumulative proportions of heifers that started cycling were greater in the EH group than in the CH group on d 60 (33.3% for EH vs. 0% for CH; P = 0.01), 70 (47% for EH vs. 0% for CH; P < 0.005), and 80 (53% for EH vs. 0% for CH; P < 0.001).
DISCUSSION
Biostimulation induced an increase in LH secretion (after 10 d of AS introduction) and in the follicular diameter (attained during the first 30 d of the exposure period) as well as advanced the onset of heifers' ovarian cyclic activity. To our knowledge, this is the first study reporting both the endocrine and ovarian response in anestrous heifers stimulated by the male effect. On the other hand, in previous studies in postpartum cattle, positive effects on mean LH secretion were observed earlier than in this study (Baruah and Kanchev, 1993; Fernandez et al., 1996; Roelofs et al., 2007) . Baruah and Kanchev (1993) reported differences within 80 min after biostimulation started, whereas Fernandez et al. (1996) found greater mean LH concentrations 6 h after and Roelofs et al. (2007) 8 h after male exposure started, although in this last study, the difference was maintained for just 1 d. In our study, the first sample for LH was collected 16 h after AS introduction; therefore, it is possible that more acute effects were lost. However, the biostimulation effect should be delayed compared with the acute response reported in small ruminants (2-4 min; Martin et al., 1986) , partly due to the low BW presented by these heifers at the beginning of the exposure period. In this sense, the response to the male effect may be related to the BW of the heifers at the beginning of the exposure period (Fiol et al., 2010) . Moreover, it is possible that other factors, such as nutrition, environment, , in 20-mo-old anestrous beef heifers-either heifers exposed to androgenized steers (AS; EH; n = 8) or control heifers, isolated from androgenized steers and any other male during all the course of the study (CH; n = 8)-during 80 d. On Day 0, AS were joined to the EH group at 1600 h. Blood samples were taken every 15 min during 6 h (0800 to 1400 h) on d -10, 1, 10, 20, and 30. No group effect was found for mean (P = 0.76) and basal (P = 0.67) LH concentrations. Main effects of day and group × day were P < 0.001 for both parameters. Days on which mean and basal LH differed between groups are indicated with **P ≤ 0.05. and circadian rhythms (Ginther et al., 2013) , influenced LH concentrations. In addition, other differences shall be noted between the present study and those performed in postpartum cows. The type of male stimulus was different: Baruah and Kanchev (1993) tested the oronasal treatment with bull urine, whereas Fernandez et al. (1996) exposed cows to continuous or intermittent (2 h every third day) contact with bulls for 18 d and Roelofs et al. (2007) used fence-line contact with bulls for only 8 h during 1 d. In any case, in some of those studies, mean and basal LH concentrations were also altered (Fernandez et al., 1996; Roelofs et al., 2007) . Moreover, Tauck et al. (2010b) found an increase in LH pulsatility only for exposed cows compared with isolated cows but not with other cues. Overall, the lack of a consistent LH response may be due to the difference on the general responding pattern between small ruminants and cattle. Although the formers have a homogeneous and synchronized response (Ungerfeld et al., 2004) , cows showed an advanced but dispersed ovulation (Ungerfeld, 2007; Fiol and Ungerfeld, 2012) . Therefore, it may be possible that different species need different time lengths to display an LH response, and therefore, responses may be more dispersed, making more difficult to determine when the response is triggered in each individual.
The MFD was greater during the first 30 d in heifers exposed to males. This is consistent with our hypothesis and agrees with previous studies that reported positive effects on follicle growth after the introduction of males in prepubertal beef heifers (Bastidas et al., 1997) and postpartum anovular cows (Berardinelli et al., 2009 ). In addition, heifers exposed to males reached greater MFD during their second FW and follicles showed a greater sustained growth over time rather than regressing earlier. Similarly, Berardinelli et al. (2009) reported that the MFD tended to be greater on FW 2 of postpartum anovular cows exposed to bulls compared with those isolated from males. In the present study, the second FW was probably the one that received the greater stimulus due to the presence of the males, as its emergence occurred within the first 6 to 17 d of exposure to AS, coinciding with the rise on LH concentrations observed on d 10 of the exposure period. Blood samples for LH were collected every 10 d, so we were not able to detect if differences on LH concentrations were also maintained from d 10 to 20. However, it is interesting to speculate that greater LH concentrations recorded on d 10 induced a sustained follicular growth during the second FW until the follicle reached a greater diameter in EH than in CH (Ginther et al., 2001 (Ginther et al., , 2014 . Moreover, in this experiment, biostimulation advanced the first ovulation, which is in agreement with previous experiments in peripuberal heifers (Roberson et al., 1991; Rekwot et al., 2000; Fiol et al., 2010) and cows during the postpartum period (Zalesky et al., 1984; Berardinelli and Joshi, 2005; Tauck et al., 2010a) . In addition to the biostimulatory effect of the males, a "female-female effect" could have occurred at the moment that exposed females started to cycle, as previously reported (Fiol et al., 2010) . Although exposed heifers presented greater LH concentrations on d 10 of male exposure and greater follicle diameter during the first 30 d of the exposure period, cyclic activity began only after 60 d of male exposure. Nutrition is one of the main factors that control the onset of puberty: both chronic and acute feed restriction determine negative effects on cyclic activity in prepubertal heifers (Day et al., 1986; Amstalden et al., 2000) . Follicular development in heifers (Mackey et al., 1999; Bossis et al., 2000) and cows (Diskin et al., 2003) is negatively affected by both acute and chronic undernutrition. In the present Table 1 . Follicle development in 20-mo-old anestrous beef heifers either exposed (n = 15) or isolated (control; n = 14) from androgenized steers during 80 d 1 study, pasture availability was restricted, and millet hay supplementation was not enough to determine at least moderate rates of weight gain. In fact, mean BW gain for both groups ranged 0.1 to 0.2 kg/d, which is a very low BW gain for peripuberal growing heifers (Engelken, 2008) . The mean MFD recorded during the first 30 d in our study was 8 mm, which implies a very low probability of ovulation (Forde et al., 2011; Diskin and Kenny, 2014) . Therefore, it is possible to speculate that low nutritional status of the heifers during the experiment affected the LH response and, thus, the final growth of the dominant follicle and ovulation (Lents et al., 2013) .
In conclusion, the presence of androgenized steers induced a transitory rise in LH secretion 10 d later and an increase on the greater follicular diameter during the first 30 d of the exposure period of anestrous beef heifers. Moreover, biostimulation anticipated cyclic activity in exposure females, but low nutritional restriction probably prevented an earlier response.
LITERATURE CITED
